Thomas introduced the term biological value of protein to express the relative value of different proteins for compensating the daily nitrogenous loss, and defined this as the number of parts of body nitrogen replaceable by 100 parts of the nitrogen of the foodstuff [1909]. He suggested three formulae, differing as regards the treatment of the nitrogen excreted in the faeces, by which to calculate this value from the data of experiments on the nitrogenous exchange. Since that time determinations of the biological values of many proteins have been made by various observers (McCollum [1911(McCollum [ , 1914 on the pig; Martin and Robison [1922] on man; Mitchell and his co-workers [1924, 1926, 1927] on the rat; Wagner [1923] on children; and others). The results of these workers show a wide range of variation. For instance, the biological value of the proteins of cow's milk has been variously assessed as 51, 74, 85, 93 and 100 and that of oat protein as 47, 65 and 79.
their experiments, a daily dose of yeast vitamin-Harris powder (a preparation made from yeast and containing both the B vitamins). The daily ration contained 2*3 mg. of nitrogen.
The work of Kinnersley and Peters [1925, 1927] and of Chick and Roscoe [1927, 1928] has shown that concentrates of these vitamins can be prepared from yeast, with a nitrogen content considerably lower than that of the yeast vitamin-Harris powder. Hence arose the decision to attempt a redetermination of the biological values of proteins by means of metabolism experiments in which the use of such preparations would ensure an adequate supply of both the B vitamins. Rats were selected as the experimental animals. Mitchell has elaborated and tested a technique for use with these animals and has shown that consistent results can be obtained. The method adopted here, however, was that used by Korenchevsky (unpublished results) and Chick and Roscoe [1930] .
Purified caseinogen was the first protein selected. There are not many previous determinations of the biological value of this protein. Michaud [1909] fed a dog on a daily ration of caseinogen equivalent to its total daily output of nitrogen on a nitrogen-free diet and obtained a negative balance. Thomas [1909 Thomas [ , 1910 gave caseinogen a value of 70 as the result of experiments on an adult human being. McCollum in experiments on pigs in which positive balances of nitrogen were recorded, obtained a value for caseinogen of 67, while the figure given by Mitchell [1924, 2, 4] as the result of experiments on rats was 71 and 75. Martin and Robison [1922] , however, gave whole milk proteins a value of only 51.
Since the purified caseinogen (see below) used in this laboratory is devoid of the B vitamins, experiments to determine the biological value of this protein offered a good opportunity to investigate the influence of vitamins B1 and B2 on nitrogen metabolism. Previous work on this subject by Karr [1920] [Aykroyd and Roscoe, 1929] . This suggested the possibility that the presence of vitamin B2 might be essential to secure an economical use of ingested nitrogen. Discrepancies between the results obtained by different investigators might be due to differences in the vitamin B2 content of their diets, and it was conceivable that differences in the biological values of proteins might ulti-mately prove to be related, in many cases, to variations in vitamin B2 content rather than to essential differences in protein constitution.
An investigation was therefore planned in which the biological value of purified caseinogen at different levels of intake would be determined in the presence and absence of vitamin B2.
EXPERIMENTAL.
General plan of experiments. Two series of experiments were carried out on adult male rats of 350-450 g. wt.
In Series 1 rats 1, 2, 3 and 4 were used, and in Series 2 rats 2, 3, 5, 6, 8 and 9. Each experiment involved one pair of rats treated as a single unit in one metabolism cage. The basal nitrogen expenditure was first determined using the "nitrogen-free" diets described below. In the succeeding experiments the same diets were used with added caseinogen in proportions varying from 4 to 16 % of the total dry diet. In half the experiments of each series a daily ration of a watery yeast extract (fraction C [Chick and Roscoe, 1929] ), which contains both members of the water-soluble B complex, was administered; in half, Peters's antineuritic concentrate prepared from yeast [Kinnersley and Peters, 1925, 1927] , containing vitamin B1 only, was given. The experiments lasted from 4 to 5 days except in the case of those on the nitrogen-free diet, where, owing to the greater tendency to lose weight, it was thought wiser to terminate them on the third day. In all cases there was a pre-experimental period of 2 days in which the experimental diet and dose were ingested but no analyses were made. Between each experiment in Series 2 the rats were allowed to "rest" for at least 7 days during which time they received a diet containing 16 % of "light white" caseinogen. On each day except the last they also received 1 g. of dried yeast. In Series 1 the length of the "rest" depended on the nature of the preceding experiment. 
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This diet contained 0-0297 g. nitrogen and 500 kg. Calories per 100 g. of dry weight. As this diet was not well taken in all cases, certain modifications were introduced to make it more palatable. These consisted of an increase in the proportion of sugar and of the substitution of beef dripping for the arachis oil. The modified diet had the following constitution:
Nitrogen-free diet. Technique of the metabolism experiments. The main features of the technique are described in the preceding paper [Chick and Roscoe, 1930] . In Series 2 an improvement was introduced into the method of measuring the nitrogen intake. The procedure of estimating the nitrogen content in the basal diet after mixing the caseinogen with the other constituents of the diet was abandoned owing to the difficulty of ensuring a sufficiently even mixture for correct sampling. The following procedure was substituted. A large quantity of the nitrogen-free diet was prepared without the addition of water, and samples were taken for analysis. This airdry diet was kept in a tin in the refrigerator room, the diet bottle for each experiment being filled from this store. The purified caseinogen was dried at 1100 for 24 hours and transferred to a heated weighing bottle. After cooling in a desiccator this was weighed. When the daily ration of the nitrogen-free food was weighed out from the diet bottle into the daily ration pots, the approximate amount of caseinogen needed to give the required protein content to the diet was added from the weighing bottle. The diet and the caseinogen were well mixed in the daily ration pots with enough water to give a liquid paste. At the end of the experiment the weighing bottle, containing the unused caseinogen, was heated, cooled and weighed as before, the difference between the two weighings giving an accurate measure of the amount of caseinogen removed. The diet bottle was also weighed before and after the experiment to arrive at the amount of basal diet consumed. Any residue remaining in the daily ration pots was collected and analysed for nitrogen, in order to make allowance for the unconsumed nitrogen. After experience of the animal's appetite it could be usually arranged that this amount was small and insignificant.
Calculation of the biological value of a protein. Martin and Robison [1922] and Mitchell [1924,1, 3] have discussed at length the various problems involved in the calculation of the biological value of a protein from the data provided by experiments in which the nitrogen balance is determined. The method of calculation used here is based on the work of these observers, their methods being in turn based on the formulae of Thomas [1909 Thomas [ , 1910 .
Martin and Robison showed that the situation could be expressed on a graph (Fig. 1) Since from the graph y = m + x tan 0, BAV = 100x (m+x tan-m) 100 (1-tan).
x This is the same equation as that deduced by Martin and Robison from Thomas's formula B.
The method of calculating the biological values of proteins used in these experiments was, therefore, as follows.
From the faecal nitrogen of the nitrogen-free experiments, the endogenous faecal nitrogen per 100 g. of dry food ingested was calculated for each set of rats [see Mitchell, 1924, 1] . This figure was used in each experiment to determine the endogenous and exogenous fractions of the total faecal output. The endogenous fiecal nitrogen was added to the total urinary nitrogen to obtain the figure for the true output, while the exogenous portion, representing unabsorbed food nitrogen was subtracted from the total nitrogen ingested to obtain the true intake. The nitrogen of the yeast concentrates was, contrary to the procedure of Mitchell, included in the total nitrogen intake. The figures for true intake and true output were used to plot the point F on the graph, m having been already plotted from the intake and output in the nitrogenfree experiment. Tan 0 was measured and the biological value calculated from the equation B.V. = 100 (1 -tan 0).
DISCUSSION OF EXPERIMENTAL RESULTS.
In those experiments in which vitamin B1 only was supplied considerable difficulty was experienced in maintaining the intake at a sufficiently high level, for the rats showed a marked loss of appetite within 48 hours of deprivation of vitamin B2. The rapidity with which this loss of appetite appeared is consistent with the inability of the rat to store large reserves of this vitamin [Chick and Roscoe, 1927] . When the total calorie intake falls below a certain figure, the animal will use some of the protein of the diet to supply energy rather than to replace body nitrogen. Under these circumstances the bio- All experiments in which it falls below this figure have, therefore, been rejected as unreliable for calculating the biological value of the protein. Table I gives details of six experiments in Series 1 and six experiments in Series 2 in which the calorie intake was regarded as satisfactory. The figures for the experiments with nitrogen-free diets are given at the head of each Series. In Series 1 the experiment with a nitrogen-free diet on rats 2 and 4 is not used in the calculation, as vitamin B1 only was given. As a result of loss of appetite, the calorie intake became too low and the loss of body weight too high for the figures to be trustworthy. As the two sets of rats behaved similarly in other experiments it was thought best to calculate the biological value in the experiments on rats 2 and 4 from the values obtained in the experiment with a nitrogen-free diet on rats 1 and 3.
In Series 2 biological values are calculated using the average figures derived from the nitrogen-free experiments on the three pairs of rats, as the individual figures obtained from the experiment with nitrogen-free food on rats 2 and 9 and that on rats 3, 5, 6 and 8, were almost identical.
In the last column but one of Table I are given the biological values of purified caseinogen as calculated from the results of each experiment. These range from 40 to 51 with a mean value of 45. Four experiments are included in which a positive nitrogen balance was obtained.
In Table II are collected all the experiments rejected on account of low An examination of these results shows that vitamin B2 does not itself exert an influence on the economical use of ingested nitrogen. In Table I there are three experiments in which the animals received no vitamin B2, but the estimates of biological value (45, 47 and 46) are not lower than those of the experiments in which both vitamins were supplied. In Table II , on the other hand, there are three experiments in which, in spite of the ingestion of both B vitamins, the calorie intake was low, and in these the biological values were also low.
It was originally intended to investigate the influence of vitamin B1 on nitrogen metabolism as well as that of vitamin B2, but so rapid is the decline in appetite when the first factor is removed from the diet that it has not so far been possible to secure a sufficiently high intake to give trustworthy results.
BIOLOGICAL VALUES AT DIFFERENT LEVELS OF INTAKE. Martin and Robison [1922] questioned on theoretical grounds the assumption of Thomas that the biological value of a protein would be a constant for different levels of protein intake. If it were not constant, ME1 in their graph (Fig. 1) would be curved. They found, however, that in the case of wheat protein ME1 did indeed appear to be a straight line. The results obtained in this paper give no evidence of a variation of biological value with variations in the level of protein intake when caseinogen is used. The validity of the equation B.V. = 100 (1 -tan 0) is based on the assumption that ME1 is a straight line. Confirmation of this is given by the fact that the biological values calculated by means of this equation for levels of caseinogen intake varying from 4 to 16 % of the diet show no wide range of variation.
Mitchell [1924, 2] determined the biological values of a number of proteins when the intake represented 5 % and 10 % of the diet, respectively. With the higher percentage of protein in the diet, though there might not be increased intake of nitrogen, the values obtained were consistently lower. He attributed this in part only to variations in biological value at different levels of intake. Since in his first set of experiments the animals were stationary in weight, while in the second they were growing, he also suggested that the biological value of a protein for growth was different from the value when maintenance only was required. The experiments described in this paper do not support this theory. In those experiments in which the rats were increasing in weight the average biological value was 46, while the average figure for the entire series was 45. It is to be noted, however, that the rats used in these experiments were slowly-growing adults, whereas those used by Mitchell were young and growing rapidly.
The biological value of 46 for caseinogen is much lower than those determined by McCollum and Mitchell, 67 and 71 respectively. This may be due to differences in technique, or possibly to a higher purity in the sample of caseinogen used. Contamination with lactalbumin would, of course, increase the apparent biological value of the caseinogen.
SUMMARY. 1. The biological value of purified caseinogen has been redetermined by means of 12 metabolism experiments on adult male rats. In th'ese experiments the B vitamins were supplied by means of concentrates containing only small amounts of nitrogen-an improvement on the technique previously available.
2. The formula used here to calculate the biological value of a protein, B.V. = 100 (1 -tan 0), is based on the work of Thomas, Martin and Robison, and Mitchell. 3. The biological value of purified caseinogen was found to be 45, a figure considerably lower than that found by previous workers.
4. In experiments, in which the intake of calories from fat and carbohydrate combined fell below a certain value, the use of ingested protein for fuel is at once indicated by the underestimation of the biological value.
5. The absence of either vitamin B1 or B2 from the diet caused a decline in appetite within 48 hours. go great was the decline in appetite in the absence of vitamin B1 that the intake of calories was too low to allow reliable figures to be obtained for the calculation of biological values. 6. The absence of vitamin B2 from the diet does not appear to prevent the economical use of ingested nitrogen, provided the calorie intake from fat and carbohydrate is adequate.
7. There is no evidence in these experiments either of variations in biological value at different levels of intake or of the existence of different biological values for growth and maintenance. 
